An international collaborative study involving 23 collaborators was conducted to test methods, improved over previous methods with respect to speed and solvent use, for the rapid determination and thin layer chromatographic (TLC) confirmation of aflatoxin M 1 identity in dairy products, For the quantitative method, collaborators assayed samples of Gouda and cheddar cheeses, powdered milk, and butter containing levels of M 1 near the anticipated limit of determination. Statistical analysis of the study results indicated that the lower limit of determination and precision of this method were comparable to these parameters of methods previously approved for analysis for aflatoxin MI' A few collaborators found that M 1 eluted early from cleanup columns with cheese and butter samples and that emulsions formed during powdered milk sample extraction. The reasons for these problems have been determined and remedies are provided. For the TLC confirmation of identity method, collaborators prepared trifluoroacetic acid derivatives of M 1 on the plates after 2-dimensional development. Concentrations as low as 0.3 ng/ g cheese and 1.0 ng/g powdered milk were determined in this study. As a result of this study, both methods have been adopted as official first action methods by the AOAC and as reference methods by IUPAC.
An international collaborative study involving 23 collaborators was conducted to test methods, improved over previous methods with respect to speed and solvent use, for the rapid determination and thin layer chromatographic (TLC) confirmation of aflatoxin M 1 identity in dairy products, For the quantitative method, collaborators assayed samples of Gouda and cheddar cheeses, powdered milk, and butter containing levels of M 1 near the anticipated limit of determination. Statistical analysis of the study results indicated that the lower limit of determination and precision of this method were comparable to these parameters of methods previously approved for analysis for aflatoxin MI' A few collaborators found that M 1 eluted early from cleanup columns with cheese and butter samples and that emulsions formed during powdered milk sample extraction. The reasons for these problems have been determined and remedies are provided. For the TLC confirmation of identity method, collaborators prepared trifluoroacetic acid derivatives of M 1 on the plates after 2-dimensional development. Concentrations as low as 0.3 ng/ g cheese and 1.0 ng/g powdered milk were determined in this study. As a result of this study, both methods have been adopted as official first action methods by the AOAC and as reference methods by IUPAC.
In 1973, an international collaborative study (1) was conducted to test the modified Pons method (2, 3) for the determination of aflatoxin M 1 in dairy products and the chemical confirmation of identitv method of Stack et a1. (4) . Statistical analys~s of the study results showed that the Pons method was capable of 1 National Institute of Public Health, Laboratory for Chemical Analysis of Foodstuffs, PO Box 1, 3720 BA BiIthoven, The Netherlands This investigation was started at the joint initiative of the AOAC and the Commission on Food Contaminants of the International Union of Pure and Applied Chemistry (IUPAC) and was presented at the 93rd Annual Meeting of the AOAC, Oct. [15] [16] [17] [18] [19] 1979 , at Washington, DC. precision comparable to that obtained with other AOAC methods for the determination of aflatoxins in agricultural commodities, and it was adopted as an official first action method (5) . Although the chemical confirmation of identity method of Stack et a1. (4) did not provide the desired limit of detection (0.1 ng/g), it did provide a reliable confirmation of M 1 identity in contaminated dairy products and was also adopted as official first action (5) .
Aflatoxin B 1 contamination of corn in the southeastern United States in 1977 (6) and cottonseed in Arizona in 1978 (7) resulted in aflatoxin M 1 contamination of milk. Since large numbers of milk samples needed to be assayed in a short period of time, Stubblefield (8) developed a method to meet this need. In other parts of the world, dairy products are monitored for aflatoxins with reliable but timeconsuming methods (9) (10) (11) . Therefore, the International Union of Pure and Applied Chemistry (IUPAC), which intended to coordinate a collaborative study on analysis and confirmation of identity of aflatoxin M 1 , was interested in the improved M 1 method. Consequently, a joint AOAC-IUPAC collaborative study was conducted on the improved M, method and the Dutch modification (12) of the Trucksess TLC confirmation of identity method (13) . These were designed to provide the desired limit of determination and detection. The study was international in scope with 11 collaborators from the United States and 16 collaborators from other countries participating.
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STUBBLEFIELD ET AL.: J. ASSOC. OFF. ANAL. CHEI-.l. (VOL. 63, NO. 4, 1980) 0.10 f1.g MzI mL in acetonitrile-benzene (1 + 9) and M 1 stock solution (1l0.7 f1.g/mL in acetonitrile). The stock solution and appropriate dilutions were used to prepare one milk powder sample with a known added amount of M 1 for this study. Aflatoxin concentrations in the standard solutions were determined according to secs 26.004-26.011 (14) using extinction coefficients of 19 850 and 21 400 for M 1 and M z , respectively, in acetonitrile. Purity criteria for crystalline M 1 and M z are given by Stubblefield et al. (IS) .
Preparation of Samples
Naturally contaminated powdered milk samples were the balance retained from a previous collaborative study (16) and had been sent to the Associate Referee by I. F. H. Purchase. Samples had been stored at -20°C. The artificially contaminated powdered milk was prepared by thoroughly mixing M j stock solution (0.786 f1.g M 1 ) with 5.59 L commercial aflatoxin-free whole milk. After freeze drying, the residual solid was weighed (702.6 g) and the M 1 concentration was calculated (1.12 ngl g).
Naturally contaminated Gouda cheese samples were prepared in The Netherlands. Twenty-three dairy cows of the Research Institute for Animal Feeding and Nutrition (Lelystad, The Netherlands) were fed normal aflatoxin-free rations of grass and fodder. During a 7-day period, a daily supplemental nutrient briquette was added to the feed. For 3 cows, the briquette contained 1.9 mg aflatoxin B 1 • The contaminated and uncontaminated milks were collected for 3 days starting at day 4, and M 1 concentrations were determined (1.4 and 0 ngl g, respectively). The milks were transported to The Netherlands Institute for Dairy Research (NIZO; Ede, The Netherlands) mixed in several ratios to obtain 170-L volumes of cheese milk containing M j levels of 0-0.5 ng Mjl g, and then pasteurized. Gouda cheeses were prepared according to usual Dutch procedures. Naturally contaminated cheddar cheese was donated for the study. All cheeses were cut aseptically into 20-25 g pieces and sealed in tins under nitrogen by NIZO.
Commercial aflatoxin-free butter was preweighed (IS g each) into glass bottles and artificially contaminated, using standard aflatoxin M j solution, at 1.0 ng/g (30 f1.L of 0.50 f1.g Mj/mL). Each bottle was flushed with nitrogen and capped for shipping. Butter samples were packaged in dry ice for mailing to guarantee arrival in a frozen condition and were sent only to North American collaborators.
Methods
The method of Stubblefield (8) to determine M 1 in dairy products and the TLC confirmation of identity method of van Egmond et al. (12) were tested. The following changes in the quantitative method were incorporated: (a) IS g of cheese was extracted, and (b) acetonitrile-benzene (1 + 9) was used to dissolve sample extracts for TLC.
Description of Study
Twenty-seven collaborators each received the following items: 1 ampule each of aflatoxin M 1 (0.25 f1.g/mL) and M z (0.10 f1.g/mL) standard solutions (in acetonitrile-benzene (1 + 9)); 1 ampule trifluoroacetic acid (TFA); 1 plastic envelope containing practice powdered milk (ca 7 g, M j level 9.6 ±1.9 ngl g) and 1 tin containing practice Gouda cheese (ca SO g, M 1 level 0.8 ±0.16 ngl g); 8 coded plastic envelopes containing powdered milk samples; 10 coded tins containing Gouda and cheddar cheese samples; 2 glass bottles each containing pre weighed 15 g portions of butter (North American collaborators only); a copy of the study instructions, method descriptions, report sheet, and questionnaire.
Samples were selected to test the methods at levels that have been reported in commercial milk products (6) or that might be encountered in commercial cheeses or butter. A level of 1.0 ngl g powdered milk is equivalent to 0.10 ng/mL fluid milk. Each collaborator's samples were assigned a different set of computer-selected random numbers from 1 to 20. Each set was subdivided into 4 groups (A, B, C, and D) with 5 samples per group. Groups A and B each consisted of 5 cheese samples and groups C and D each consisted of 4 powdered milk samples and 1 butter sample. Each sample had at least a duplicate in the other group, and 2 cheese samples were presented in triplicate. Practice samples were included to familiarize analysts with the methods. Collaborators were instructed to keep samples cool until assayed and to analyze samples by groups in sequence (A, B, C, then D). They were given a list of TLC developing solvent systems for M 1 and M., and asked to determine the best solvent syste~for separating the 2 toxins with their TLC plates and under their laboratory conditions. They were to use that system for the sample extracts. Collaborators were informed that only butter samples were preweighed and that the TLC confirmation of identity of M j in cheeses and butter extracts could be performed on the quantitative plate. A questionnaire was included in the study to determine which quantitative aflatoxin M j methods and M j confirmatory methods were currently used by each collaborator and how much experience they had in aflatoxin determinations and 2-dimensional TLC.
Results
Of the 27 collaborators recelvmg samples, 23 completed the study. All analytical data were recalculated and some were corrected for mathematical errors. Since the study had been organized under joint auspices of AOAC and IUPAC, a question arose whether the AOAC procedure (17) or the ISO procedure (18) required by IUPAC should be used for statistical evaluation of the results. To avoid lingering discussions about the procedure to be preferred, it was decided to perform both procedures and present them together in this report. However, it should be pointed out that the precision indicators that were calculated using ISO techniques differed from those developed using AOAC techniques. These differences might be largely from the manner in which outliers (individual results and laboratories) are discarded.
ISO Analysis of Data
By calling the complete collection of results from one laboratory for one material (cheese, powdered milk, or butter) a "contribution," a total of 56 contributions were received. Because the participating laboratories showed some method diversity, the collection of all contributions comprised 12 different groups. A complete specification of this grouping is presented in Table 1 . All corrected results, uniformly rounded and multiplied by 100, are presented in Tables 2-4 for cheese, milk powder, and butter, respectively.
From the 12 groups, 4 (covering 41 of 56 contributions) were suitable for a comprehensive statistical analysis (groups 1, 3, 6, and 9). The 2 butter groups were of very limited significance since they corresponded to only one target level; 6 other groups corresponded to nonprescribed method specifications and hence fell beyond the scope of the present study. However, these groups were not ignored completely. Table 5 contains the within-cell standard deviations. Table 6 gives the arithmetical cell averages (each combination of a laboratory and a target level is called a cell). Since inspection of Tables 2-4 did not indicate that within-laboratory systematic differences between sessions of measurement (series A, B, C, and D) are present, the single results within each cell were taken as mutually independent and complete replicates. Tables 2 and 3 show that almost all laboratories score at the zero target levels either a zero value or a positive value with a negative confirmation. When the confirmation result is not taken into consideration, Collaborators 15, 29, 31 (group 1), 23, 25 (group 3), and 13 (group 4) accounted for all cheese false-positives. Of these collaborators, 13, 15, 23, and
The mention of firm names or trade products does not imply that they are endorsed or recommended by either the U.S. Department of Agriculture or the National Institute of Public Health, The Netherlands, over other firms or similar products not mentioned. 29 indicated that they had no previous experi-positives in powdered milk were from Collaboence with analysis of cheese for aflatoxin M 1 , rators 23 and 25 (group 9). Collaborator 25 inwhile Collaborators 25 and 31 mentioned that formed us that they rarely analyze for MI' they rarely analyze for MI. In addition, Col-Therefore, it would appear that almost all laborator 13 had not used 2-dimensional TLC, false-positives were a result of collaborator inas required for cheese extracts. The few falseexperience rather than method deficiency. At the lowest nonzero target levels, many negative results were reported for cheese (either a zero value or a positive value with a negative confirmation); some negative results were also reported for the lowest levels in powdered milk and butter. The corresponding cells in Tables 5 and 6 are left empty, because for these laboratories the chosen lowest nonzero target levels are in the neighborhood of their actual detection limits as judged from their confirmation of identity results. Remarkable in this respect are Collaborators 9, 31 (group 1), and 4 (group 3). Their empty cells occur not only for more than one material but also at higher nonzero target levels for cheese. All cells left empty in Tables 5 and 6 were excluded from statistical analysis because they produce unduly high within-cell standard deviations. Those high standard deviations are in no way characteristic of the method, but are to be expected for quantitative aflatoxin analysis at levels in the "almost zero" range in which confirmation of identity problems are encountered.
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Repeatability (1') and reproducibility (R), calculated according to ISO procedures (1977) and obtained separately for each target level and for each one of the groups 1, 3, 6, and 9, are presented in Table 7 together with the corresponding overall means of the observed aflatoxin contents (after the exclusions mentioned above),
The ISO definition of repeatability (1') is the value below which the absolute difference between single test results obtained with the same method on identical test material, under the same conditions (same operator, apparatus, and laboratory, within a short interval), may be expected to lie within a specified probability. The ISO definition of reproducibility (R) is the value below which the absolute difference between single test results obtained with the same method on identical test material, under different conditions (different operator, apparatus, and laboratory), may be expected to lie within a specified probability. In the absence of 
Conclusions Based on ISO Evaluation Procedure
The foregoing analysis leads to the following conclusions: For the zero target levels, there are a very few incidental nonzero results. At the lowest nonzero target levels for cheese, milkpowder, and butter, several (but a minority) of the participating laboratories show either a zero value or a positive value with a negative confirmation outcome. For cheese visual, cheese densitometric, milkpowder visual, and milkpowder densitometric, the separately estimated relationships between the repeatability (r) or the reproducibility (R) and the level m are presented in Figures 1-4 . They show quite clearly that, as is also evident from Table 8 , the situation for densitometric reading is far better than the one for visual reading. The same can be stated if one compares cheese visual and densitometric, and milkpowder visual and densitometric. overruling indications, the probability specified is 95%. The data from Table 7 have been plotted in Figures I, 2, 3 , and 4. In 7 of the 8 cases, the data points are nearly on a straight line through the origin, which indicates near levelindependent coefficients of variation. For each case separately, the one parameter of this straight line has been estimated by means of a weighted regression (in accordance with ISO procedures) and is indicated in the diagram concerned. The within-and between-laboratory coefficients of variation for the groups I, 3, 6, and 9 are presented in Table 8 .
Considering the procedural outlying contributions (groups 2, 4, 5, 7, 8, and 10), Tables  5 and 6 for cheese and milkpowder show that in group 2 (Collaborator 14) the 3-cell averages are outside the observed ranges for the group of related laboratories (group 1). Also for Collaborator 1 in group 4, 2 of the 3-cell averages are outside the observed ranges for the related laboratories (group 3). For the other groups there are no particular deviations. Therefore, the procedural outlying contribu- agreement with those obtained from laboratories applying the procedure as prescribed.
AOAC Analysis of Data
Individual values were omitted from calculations according to Dixon's test for outliers at the 0.05 level (19) . Values for Collaborators 9 and 31 (cheese) and for Collaborators 9 and 23 (powdered milk) were not included in the calculations, because the composite data for each exceeded either the lower or upper limit of Youden's ranking test (17) . The data for the powdered milk samples from Collaborator 13 were excluded from calculations because the cheese extraction procedure was used instead of the powdered milk extraction to avoid emulsions.
The results reported for naturally contaminated dairy products are presented in Table 9 , those for artificially contaminated and uncontaminated dairy products are presented in Table 10 . Statistical data for aflatoxin M 1 determinations are shown in Table 11 . Reproducibility (CVB) for cheeses ranged from 40 to 52%, and from 30 to 47% for powdered milk. Results of similar samples in the last AOAC M 1 study (1) were comparable for cheese (48%) and slightly higher for powdered milks (46 and 56%). The largest CVIl was obtained with the lowest level cheeses (Samples 2, 3, 7: Table 11 ) were better than with the artificially contaminated milk (0.1 ng/mL) results in the previous AOAC M 1 study (1) . In that study, a CVB of 76% and a recovery of 136% were obtained. The CVB in this study was 47%, and the average recovery was 91%. Low recovery results were obtained for butter sam- , Values omitted from calculations after applying You den's ranking test (17) . 1 Bracketed values were outliers by ISO test, see Tables 5 and 6 . o Value omitted from calculations as outlier by Dixon's test (19) . h Value not reported. , Value omitted from calculations because cheese extraction procedure was used to avoid emulsions. pIes 15 and 20 (45%) ( Table 11 ). The CVn (78%) is higher than with the naturally contaminated butter sample (45 %) in the previous study (1) . The CV n and recoveries from the butter are in closer agreement with the artificially contaminated cheddar cheese (CVIl 65%, and recovery 54%) of the previous M 1 study (1) . One false-negative was reported for both powdered milk (Collaborator 14, Sample 17, Table 10 ) and butter (Collaborator 4, Sample 15, Table 10 ). The desired lower limit of determination for milk samples (1.0 ng/g or 0.10 ng/mL) was achieved.
Only 2 false-positive determinations for 40 observations were reported for the blank powdered milk samples (Table 10 ) and 8 falsepositive determinations for 42 observations were reported for cheese samples. In the previous AOAC M 1 method study (1) , there were 3 false-positives reported for 14 observations with milk samples. Both false-positives in powdered milks (Samples 11 and 16, Table  10 ) were from Collaborator 25 who related that they rarely analyze for M aflatoxins. Collaborators 13, 15, 23, 25, and 29 accounted for all 8 false-positives with cheese; none of them (except 25, see above) had any previous experience analyzing cheese samples. In addition, Collaborator 13 had not used 2-dimensional TLC as required for cheese extracts. Therefore, it would appear that all falsepositives were a result of collaborator inexperience rather than method deficiency.
The precision estimates for the contaminated samples (Table 11) indicate that the quantitative method is capable of precision comparable to that observed in the AOAC collaborative study of the modified Pons Tables 5 and 6 . k Indeterminate value considered as false-positive. method (2) . A comparison of the sample means calculated for the visual and densitometric measurements shows that the visual means are larger in almost all samples; however, no significant variation was determined by the t-test. No difference in the CVR values (repeatability) and CVn values (reproducibility) are apparent between levels of M 1 in the samples, but the CVn values are larger than the CV R values. For all samples, the Fratio indicates the between-laboratory variation or reproducibility (CV n ) is significantly larger than the within-laboratory variation (CVR). There were 3 problems encountered in the methods study which contributed to this variation; The ethanol content (0.5-2 %) in the different types of chloroform varied by laboratory; some collaborators found M1 being eluted in the acetonitrile-ether-hexane wash of the cleanup column; and most collaborators encountered one or more emulsions with .their powdered milk samples.
TLC confirmation of identity results by the collaborators for aflatoxin M 1 in cheeses, powdered milks, and butter by the method of Van Egmond et al. (12) are reported in Table 12 .
In the confirmation test, extracts are developed by 2-dimensional TLC, the aflatoxin M 1 zone is identified and reacted with trifluoroacetic acid, and the plate is developed a third time.
The M, reaction product from the sample is compared with the reaction product of an M, standard that is prepared similarly on the same plate. The tabulation revealed that the Tables 9 and 10 . I, 0 = densitometric; V = visual. , Within-laboratory variation (CVn) is repeatability, and between-laboratory variation (CVB) is reproducibility. Standard deviations relate to repeatability and reproducibility.
TLC confirmation of identity test was quite satisfactory. Ten false-negatives were reported for contaminated cheeses, 2 false-negatives were reported for contaminated powdered milk, and one false-negative was reported for butter (Table 12 ). Ten of the 13 false-negatives were reported for samples with the lowest M 1 level -Samples 2, 3, 7 (cheese), 12 , and 17 (powdered milk). No false positives were reported for uncontaminated dairy product.
Conclusions Based on AOAC Evaluation Procedure
The foregoing statistics lead to the following conclusions: Summarized statistical data indicated the reproducibility (CYB) for cheese analyses was comparable to that determined for the current official AOAC method for aflatoxin M 1 in this commodity; the reproducibility for aflatoxin M , in milk analyses was better than for the current method. No difference in the repeatability (CYn) is apparent for different levels of aflatoxin M , in the samples, but the F-ratio indicates there is significant between-laboratory (CY B ) variation. Four false-negatives were reported for 240 naturally contaminated sample determinations, and 8 false-positives were reported for 80 uncontaminated cheese and milk samples. Concentrations of aflatoxin M , obtained by visual measurement were generally higher than those obtained by densitometric measurement; however, the t-test indicated the difference was not significant.
Comments and Recommendations
The early elution of M 1 was originally attributed to the variable ethanol content of the chloroform being used, so all collaborators were asked to check the acetonitrile-etherhexane wash for M , (practice sample). If present, they were to use ethanol-free chloroform obtained by washing this chloroform with water. Since then, Stubblefield and Shotwell 
;J> 01 Results not included in calculations because collaborator used H2S04 spray test.
'" " Determinative test not performed_ ....
'"
(in preparation) found that excess acetic acid from the acetic acid-toluene column wash must be removed from the column with 25 mL hexane to ensure keeping aflatoxin on the column. This problem was more evident with the cheese and butter samples than with the powdered milk samples. Another part of the between-laboratory variation might be caused because either 4 collaborators used or their analytical data indicated that they used 1-dimensional TLC for cheese determinations. This could cause serious errors depending on the cheese type (8) .
The emulsion problem was finally traced to the temperature of the chloroform used in the extraction step. Stubblefield and Van Egmond (1979, unpublished data) found that emulsions can usually be eliminated either by using chloroform pre-heated to 35°C to extract fluid or powdered milks or by dissolving powdered milk in 6M urea (60 mL) instead of water (50 mL) and salt solution (10 mL). Many collaborators commended the rapidity of the method and the purity of the final powdered milk extracts. The latter was substantiated by the statistical results.
Even though the confirmation of identity test results was satisfactory, almost every collaborator submitted at least one comment about it. Most encountered M 1 zone diffusion when they applied the TFA. This made final identification difficult for them. Several collaborators incurred low conversion of M, to M,-TFA reaction product which also made identification difficult. The authors have made improvements in this confirmatory test (in preparation) to eliminate the common problem reported by the collaborators. These improvements involve using hexane-TFA (4+1) instead of TFA only as used in this study. The developed M, zone is either overspotted or sprayed with the hexane-TFA mixture which eliminates the zone diffusion.
General Conclusions
The conclusions from the ISO and the AOAC statistical evaluations are essentially the same. This collaborative study has led to reasonable results, with a variation that might be considered as normal for collaborative studies in which compounds are to be determined at ng/g and sub-ng/g levels. Also, the coefficients of variation show that the quantitative method is capable of precision comparable to that seen in the AOAC collaborative study of the Pons method of analysis for aflatoxin M , (2), conducted by Stubblefield and Shannon (1) .
Collaborators whose contributions are outlying the normal range are urged to look for technical explanations for these cases. Some problems encountered by collaborators, e.g., emulsion formation of powdered milk samples and early elution of M, from the cleanup column, have led to the suggested changes in the procedure. Including these changes, the method to determine aflatoxin M 1 in dairy products and the confirmation of identity test are recommended as reference methods.
The AOAC Associate Referee for Aflatoxin M (R. Stubblefield) recommends that the rapid method for the determination of aflatoxin M, in milk and cheese be adopted as official first action after including the 2 suggested changes to prevent emulsion formation of powdered milk samples and to prevent early elution of M 1 from the cleanup column, and that the method for the TLC confirmation of aflatoxin M 1 identity in dairy products be adopted as official first action after including the improvements to prevent diffusion of the aflatoxin M , zone.
